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/LJ’ 4{, ABSTRACT

Scanning traasmissior eTecfrnn microscony (STEM) has been used for micro-
structural and microchemical analysis of tuo rapidly solidified austenitic
stainless steels. One steel is a high-su1fur. 303 stainless type. In this
rapidly solidified steel, sulfide particles {MnS) are found te be tuo or theze j
orders of magnitude smaller in sire. and more uniformly distributed, ther n ?
the conventionally proccessed water a1, Extremely small sulfide oarticies i2ve
been observed at the cell walls and in the intracellular reygion of the sciili-
fication structure of individual rapidly solidified powder particles. orzover
compositicn profiles have becn obtained by the STEM across regular and non-
regular ccll walls in these powders which indicate that a high degree of cnz—ica
homogeneity n1s obtained. A compariscn is made of the microstruclurss and
microchemisiry cf individual powdars, consclidated powder product, end conven-
t1ona]1y processed varsions of this high-sulfur austenitic stainless staal.

The rap idly solidified powders of a high-phosphorus stainless siesl ~.uve
also boen ohwerved in STEM. The results of these observations are presentsc in
fight 7 the data o!,-i'ained on the higii-oulfir steel
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SR THTRODUCTION _ .
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Rapid solidification processing (RSP) has been viewed! as a means of
fobtaining better properties frow (crystalline) metal alloys. Dmprovements in
“properties arve largely a result of the following effects of high couvling rates
on the "as solidified" structure of crystalline metal alloys: a) reduced seqre-
~gate spacing with increased cooling rates; b) reduced solute segreqation levels
(solute trapping) and/or seqreaationless solidilication; ¢) suppression of
“steble phase foyeatien ang/or retention of wetastabloe phases. Primarily as a
result of a), direct chemical observation of such effects as b) and ¢) in iS¢
alloys has been limited. VUith the advent of the dedicated scanning transmission
electron microscope (STEM), the capability for compositional analysis by X-ray
fluorescence spectroscepy with a spatiel resolution on the order of 50 A in thin
sections has been realized., Microchomical inforiation with this resolution fren
RSP alloys, with the associated microstructural images, should Tead to a better
understanding of the processes occurring during solidification of alloys at hign
cooling rates. Such microchemical information is likewise important to the
development of consolidation techniques that can optimize the advantage gained
+in RSP. Davelopment of this fundamental understanding of the process cycle is
‘crucial for future success in realization of RSP as a technologically -and econom-
ically viable processing option.

The motivation for development of a type 303 stainless steel* was the need
for producing a "free machining" grade of stainless steel. By addition of large
amounts of sulfur (% 0.15 wtl) in combination with mangeanese, a brittle second-
phase manganese sulfide is formed which aids the formation of small chips during
machining operations. Hence, type 303 stainless steel is a high sulfur, free-
machining grada of austenitic stainless steel. This investigation has attecmpted
to ascertain the effects of rapid solidification processing on the microstructure
and microchemistry of 303 stainless steel and compare the RSP product with an
equivalent conventionally processed 303 stainless steel. A high-phosphorus
stainless steel** RSP powder has also been studied and some resuits of this work

are presented.

. —— e

EXPERIMENTAL PROCEDURE

The RSP material studied in this investigaticn was prepared*** by forced
convective cooling, in helium, of centrifugally atomized metal droplets to
achieve cooling rates on the order of 109°C/sec. The resultant powder, which
consists of spherical particles in the range 5 to 200 microns diameter, was
sieved to -140 mesh, enclosed in a stainless steel can and consolidated to a
fully dense, one-inch diamater rod by hot extrusion at 900°C and a 10:1 reduction
ratio. Equivalent conventionally processed 303 stainless steel was obtained fron
Carpenter Technology Corporation who had originally requested the rapid soligdifi-
cation processing run. The conventionally processed material was prepared by hot
rolling of a cast 12-inch diameter ingot down to 3l:-inch diameter bar stock.

The 303 stainless steel of this investigation was therefore studied in three
processed states: the ranidly solidified powder, the repidly solidified and
consolidated bar stoci, ond the conventienally processea material.

Preparetion of thin specimens of the "as solidificd” powder particles was
accomn]@shed usina a modified version of the technique described by Field and
Froser.c  Tne wmetal powder is mixed with an cqual weight of plastic ceiint and
the mixture is poured onto a flat surface (polished metal or teflon) to hardan.
‘The flat surface of the rosulting coupon is pelished lightly on a 0.3 ¢ afuvning
wheel to expoese metal particles and nickel is electrodeposited onto this fiat
FHoniinal conposition as determined by Carperiter Technologics Corporaticn:

JCr NitmoCu o SE Mo S Co C i P Fe
L 17.31 8.63 1.60 0.7C 0.62 0.37 0.34 0.15 0.059 0.032 0.02& bel. ,

.' cr i P C Fe

| 5.0 9.7 0.42  0.34  hal.

i"”"Th(.‘ penedors vere Kinely cppolied by Pradt awind Vhitnoy Adreraft Croap, Haited
ToeChina b wowutya ch ey el B eechi lensida,
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veffect on the number, size, and shape nf
! these precipitates in the K0 material,
' tig. 4,
! deforns primarily the austenite and, heace,

surface to a 'thickness of about 0.075 mm. The "Watts" type nickel plating bath:
contained 330 'g/1"NiS04"4H05760 g/1 NiC1276H30% 40 g/T H3B047 0.5 g/ wetting™
agent (sodium lauryl sulfate), and was operated at 45 to 85°C, pH 4.0 to 5.5 1
with < 0.03 amp/cn}. It my be necessary to first evaporate some nickel onto !
the surface to make it electrically conductive. After electroplating, the :
plastic cement is dissolved in acetone. The resulting foil can be chemically
cleaned in 50 ml Hp0p with a few drops of HF. It is imperative that the final
composite foil be clean and free from any contamination and this intermediate

" icleaning-step- should be considered carefully.—-The.second-side is. then electro--

iplated with nickel to form a sandwich of metal powders in electroplated Ni.
Three-millimeter diameter discs can be punched from this composite foil and
electropolished in a conventional way. In this work, a twin-jet Fischione ;
.electropolishing unit was used with 20% perchloric/methano} at -50°C and 20 to
*30 volts or about 0.4 amps/cw?. ~~ - T TT T mooen .

. One source of difficulty in this technique is the unequa] e]ectropo!lsh1ng
irates of the electrodeposited metal and powder specimen material. In this study,
the electrodeposited nickel dissolved at a slightly faster rate thaq the 303
_stainless steel powder and therefore few usable specimens were obtained by
electropolishing. The unsuccessful electropolished specimens were, hqwever,_

. final thinned on a routine basis using an ion thinning apparatus. Thin specimens
of the RSP consolidated material and the conventionally processed material were
-prepared by the electropolishing techniques above.

? RESULTS

,Microstructures

, The most striking feature of the microstructure of a conventionally
processed 303 stainless steel is the presence of large (100 microns long by 20
microns wide) precipitates of cigar-like shape strung out in the ro]l\ng q1rec-
tion of the material, Figure 1. These are the larger precipitates in a size
distribution where the lower Timit is about l-micron diameter. ]

The precipitate morpliology of the RSP pouvder material shows a marked dif-
ference from that of the conventionally processed material, Figure 2. The
largest precipitates are generally 1000 to 2000 A diamcter and equiaxed. These

are observed to be arranged in the structure . .. 3,0 e -
in a ccllular network. That is, they appear @ %4 LN <'-15?-_5'
to reside on the cell walls of the solidifi- - -\ . N wa @ | pm
cation Structure and hence appear to outline ., N\ g " 3} % 3 s;é?’*

- the gellular structure. A smailer (100 to 4 {; W_)b.» T G

. 500 A diameter) equiaxed precipitate is also | ,“T¢>l. S#?f\ Ty T

- often observed dispersed throughout the T e -4IQ.’g\ R .{}fN,
intracellular region of the structure, Figs. {‘__jcéit\/p Ve, Y ';,:3

-2, 5, and 12. These are present seentingly T Ny J' A RS
independent of the larger (1000 to 2000 A) , j’- AT L e e

. precipitates at the cell walls. In fact, R AT R AR TS

¢ powder particles have been observed in TEM ™ f7, - n7h.e i I re -

dispersion throughout the material, Fiq. 3.
! Powder particles with no apparent cellular
| structure have also been observed in stan-
dard metallurgical sections. In particu-

Tar, the smaller diameter powder particles

. and STEM which contain no large {1000 to 0y VON e s
2000 A) precipitates and have no apparent b . |
,gell structure, yet the small (100 to 500 "<§ ) / R
) precipitates were present in a unitorm y }: { N
. .. .

EIN
¢ ' It I.' M e l i

(~ 20-micron diameter) are more frequently  \ A

[ obscrved to lack cellular structure. ATy
The consolidation procens (hot oxtru- N .- . . .
sfon) appears not to have a significant Fia. 1. Conventionally processed

303 stainless steel. Lightnicro-
scope image uf a) trincverse and

IL apprars that the hot extyusion L) longitudinal section.




Fig. 2 303 stainless steel RSP powder Fig. 3. 303 stainless stee, KSP-poﬁﬁér.
with non-regular cellular structure. STEM annular dark field image of both

. STEM annular dark field image. a) a non-cellular powder and b) a

cellular powder.

- changes only the spatial arrangement of the precipitates although it is possible
- that some coarsening of the precipitate does occur. Note especially that the

small (100 to 500 A} precipitates are retained. Thus, a comparison of the RSP

. consolidated product with the conventionally processed material shows a reduc-
" tion in size of two to three orders of magnitude with a corresponding uniform

dispersion of the precipitate in the RSP consolidated product.

The effect of RSP on the grain structure of the material has been stud1ed
The conventionally processed material exhibits a partially annealed grain struc-
ture with annealing and/or deformation induced twins evident and with a 30 micron
average grain size in the as-hot-rolled condition, Fig. 1. The grain structure
of the RSP powder particles appears to be dependent on the solidification made.
Most of the powaer particles observed in TEM had a non-reguiar cell structuie
within the confines of small (X 5 um) grains, Fig. 2. The grain boundaries were
feund, in general, to be of high angle character by selected area electron dif-

. fraction observations. Misorientation across cell walls of a single grain was

generally not observed in the 303 stainless steel but in some cases low angle
boundaries werc observed, Fig. 5. Two additional types of solidification struc-
ture were observed, both of less frequent occurrence relative to the above type
of structure. A regular cellular solidification structure (possibly dendritic)
was observed as evidenced by the cellular arrangement of precipitates and the
large extent of the single grain that contained the cells, Fig. 6. Chemical
evidence for this (see Fig. 1% '-: also been obtained. As mentioned previously,

L 230Y

- .‘3‘ g,_
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. 2 .: ‘» - ,(‘
. éum.:s: a3y
Fig. 4. 303 stainless . .cel R5Pconsol Fig. 5. 303 stainless steel RSP powvider, '
tdated. TEM bright field image. STEM bright field image. Non-regular . i
cellular structure '




L o — -»u“w o ‘

G LT

. M

it ALY 18T0UNG

-
..

.t Ho grein boundaries were apparent in any

‘a non-cellular structure has bcvn ohscrved

robservations of Lhis last structure.

| It 15 instructive to compare these T
, observed structurcs to that of a high phoq-~ o
- phorus stainless steel RSP powder, Fig, 7. '

i This i5 a clear case ot a cellular struc-

~ture (possibly dendritic) where the cell
.walls are lined with a continuous seccond

. phase. Microdiffraction was used to deter-
mine that the second phase Tining the cell -+

.walls is amorphous. Microdiffraction was
also used to determine that each of the
.cells is part of the same grain with only
"s1ight changes in orientation between cells
as evidenced by Kikuchi Tines in the micro-
diffraction patiern. Electron energy loss
spectroscopy analysis of the second phase
was obtained with the expectation of observ-

-ing large amounts of carbon in the form of
phosphocarbides. In fact, it was observed
that there was no noticeable difference in
carbon levels between the second phase and
the matrix but that there is a large amount
of chromium and 1itile nickel present in
the second phase relative to the matrix.
The "hexagonal” arrangement of these cells
was observed in several areas and a ,
Tinearly arranged structure (which may be & %
longitudinal section of a cell), Fig. 16, ‘m o
was 21so ohserved. i | pm .;’ T

Observations of the surfaces of the CalEs

powder particles using scanning electron Figd 6. 303 stainless steel RSP
microscopy (SEH) revealed information that POWCer. al TEM bright fieldmontage
is consistent with the above observations. &"¢ b) STEM annular dark field of
Principally, no dendritic or reqular cellu- iame area. Regular cellular struc-
lar structure was observed on the 303 ure.
stainless steel RSP powder surfaces (Fig. 8a is a typical example). There are
areas on the surface that have a cellular appearance, but continuity of the
cellular network is lacking. Figure &b shows a smailer powder particle that

"must have collided with a larger, still partially molten, powder particle.
Note the smooth surface of the smaller powder particle, especially as compared

! with the larger particle. These structures can bhe contrasted with the dendritic

~appearance of the high phosphorus stainless steel RSP powder, Fig. 8. A1l of

" the high phosphorus powder particles observed in SEM had such a dendritic

" appearance.

; A duplex grain structure is observed in the as-extruded, RSP consolidated

 material. This consists of larger (~ 5 to 10 micrOﬂs) grains surrounded by

~small (£ 1 micron), more heavily dislocated grains, Fig. 4. It is not clear

i whether the larger grains have recrystallized from deformed grains or whether

{ the larger grains simply did not deform during hot exirusion. It may be that

{ the answer is a combination of these two possibilitjes, i.e., the larger g-ains

!

'

!

! deformed less during hot extrusion and subseauently recrystallized to the
observed state. An annealing treatment of 1000°C for 1 hour effected some
recovery of the structure; however, in some regions dislocation networks :
remained, Fig. 9. A comparison of grain growth characteristics of the conven-'
tionally processed material and the RSP consolidated material was obtained by @
measurement of the average grain size at each of three annealing temperatures,‘
1000°C, 1100°C, and 1200°C. The results are shown in Fig. 10. The grain ;
growth behavior of the conventional material appears to be "normal" while that:
of the RSP consolidated material is retarded, especially for the higher temper-
atures.

|

P P §




- Fig. 7. High phospuorus stainiess steel RSP powder. STEM bright field irace
with microdiffraction patterns and electron energy loss spectra from the indi-
- dated points. The peaks for C, Cr, and Fe (after background subtraction) are
Tabeled.

. Wicroctemistry

Tre microchemical nature of each of the three process states of the 333
stainiess steel has been studied. Fiqure 11 is an example of a single snectrum
taken from a precipitate in the RSP powder. It identifies the precipitates as

_nominally mangarese sulfides. Both the large (1000 to 2000 &) and the sma‘l

(100 to 500 K) precipitates in both the RSP powder and the RSP consolidated
material were identified, similarly, as manganese sulfides.

Composition profiles across features of interest in each material were
generated by point-by-point collection of X-ray fluorescence spectra at appro-

- priate spacings in the structure. The Ka peak intensity (normalized to Fel:)
of chromium, nickel, and sulfur is plotted for each spectrum of the profile.

A composition profile across a grain boundary in a powder particle typical of
the ncn-regular cell structure type is shown in Figure 12. There is essentially
no chemical variation across the grain boundary. WNote that the profile does
extenc into the middle of the apparent cell on either side of the boundary.
Another non-regular cellular structure of an RSP powder particle with associated

composition profiie ic shown in Figure 13. The supposed cell walls of this

o A : onul B EEIRS” i s”
Fig. 8. SEM images of a) a typical 303 stainless steel RSP powu: particie,
b) a smaller 303 stainless steel RSP powder particle embedded in a larger one,

¢) a typical high phosphorus stainless steel RSP powder particle. !
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Fig. 9. 303 stainless steel RSP consoli- @
dated. Anncaled for 1 hour at 1000°C. g
"TEM bright field. 20
Fig. 10. Grain growth behavior compari-

son between 303 stainless steel conven-
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sample as delincated by the precipitates do not seem to be correlated with the
apparent grain boundaries. The composition profile was taken, as indicated,
across a cell wall and up to a grain boundary. No large variation in chemistry
was observed, although it appears that nickel and sulfur are slightly higher in
composition near the cell wall. Note, this is one of the few samples that was
thinned to electron transparency solely by electropolishing techniques. A
composition profile across a cell wall of the apparent dendritic structure of
Fig. 6 is shown in Fig. 14. There does appear to be some enrichment in chromium,
nickel, and sulfur at the cell wall, which is consistent with the supposition of
a dendritic (or cellular) structure. It should be noted that the degree of
enrichment indicated here is not very large. Overall, the amount of segregation
observed in the RSP powder was very low and. indeed, was limited to the above
observation of segregation in a dendritic structure.

Since there is no cell structure in either the RSP consolidated material
or the conventionally processed material, the grain structure is used as a basis
about which a composition profile can be oriented. A compesition profile that
starts near the edge of a large recrystallized grain in the RSP consolidated
‘material and continues into the small grain region is shown in Figure 15. Here
~again, no segregation of chromium, nickel, or sulfurr is observed, but some

° MnS

Counts

o

L

Ty

Energy

r( keV)

2000 A

EFig. 11. a) STEM X-ray fluorescence spectrum from a precipitate.

b)

STEM

R

gbright field (BF) and STEM annular dark field (ADF) images of sase field of
iview in 303 stainless stecl RSP powder.

.-




[ 2]
o,
[~ o 9—9—‘9\@__@
® 0~——0 00000%00%, O g € ‘ e ® e e &
‘ ' > om | ’
: ol H
f I nx ]
: L Z . '
;) . il .
z ' o0 ‘
g2 , S ZF —bo
;: —r—__ vwvv?ﬁvvv ° ° v g on } o7 t "N
; ® . ﬁg ? \H—v——v—p e N 1
< —— ! [c R w
- \ _—° ®s e a0 O——psuxs O 3ow ‘
- - a GG'E ® 1
' g o o c Ny
K] . gz O~ a0,
-~ . x o 1 8
' o8 N g @ 8&10)
: i
‘ L]
‘ ° . M - N .
05568 @008 @000 1§08 O #0080 4000 8000 6000 woo . 2000 4000 000
ARY (A
DISTANCE FROM SOUND } DISTANCE FROM APPARENT CELL WALL (A)

Fig. 12. 303 stainless steel RSP powder, Fig. 13. 303 stainless steel RSP

’ non-regular cellular structure and powder, nen-regular cellular struciure
3 associated composition profile. Arrow and associated composition profiie.
‘ indicates direction of profile. Arrow indicates direction of profiie.

variation in silicon was observed in the small grain region. A cormposition pro-

‘ file across a grain boundary of the conventionally processed material was obtained
with the expectation that segregation might be more prominent in this struczure.
The profile with a total extent of 5 microns showed no variation in chromium ov
nickel. Both suifur and silicon did show a noficeable decrease 1030 A ahead of
the grain boundary and an equal increase 1000 A after the grain bcundary, but
this was the only activity associated with these elements.
. The high phosphorus stainless steel was examined next since, it was reasoncd,
phosphorus has a higher propensity for segregating in steels than does sulunur.
.The composition profile of Figure 16 shows significant segregation of chromiun,

_ nickel, and phosphorus at the cell wall of a longitudinal section of a celi.

- Note the rapid decrease of the phosphorus signal (and indeed the nickel and

! . chromium signals) within 500 A of the cell wall. Electron energy loss spectros-

~ ,copy analysis of the second phase was obtained with the expectation of obtserving

-* & large amounts of carbon in the form of phosphocarbicves. In fact, it was observed

+- ¢« :that there was no noticeable difference in carbon levels between the second phase

£ - ‘and the matrix but that there is a large amount of chromium and little nickal

‘present in the second phase relative to the matrix. A profile was obtained )

- iacross a cell wall at which a discontinuity in the second phase existed so that

ithe profile intercepted no second phase. Chromium, nickel, and phesphorus all

© .increasad somewhat at the boundary, similar to the nickel behavior in Fig. 17

Z - ibut there was no "spike" in the profile at the boundary for either chromiur or

?phosphorus.
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Fig. 15. (Top) 303 stainless steod
RSP consolidated material and (bLelow)
associated composition profile. Arvow
., indicates dircction of profile. Two
S3grain boundaries were traversed as
findicated Ly dashed.lines in plot.
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Fig. 14. 303 stainless steel RSP
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Fig. 16. quh phosphorous
stainless steel RSP powder,
longitudinal section of cell
structure, and associated
composition profile. Arrow

' indicates direction of profile.
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V. DISCUSSION

It i5 instructive to cunsider the wicrostructural and microchemical informa-
tion gathered herve in terms of the current understanding of solidification
phenoiena, both to enhance appreciation of the structures and to ascertain its
place among current theories. It is probable that the large cicar-shaped pro-
cipitates of the conventionally processed inaterial are the deformed remnants of
large ecuiaxed precipitates that would form in the later staues of dendrizic -
solidification from the solute rich interdendritic fluid. Similarly, in the
structure of the cellular RSP material, the Targer (1000 R to 2000 R) precipi-
tates wculd have formed from @ solute rich fluid in the later stages of cellular
solidification, the size and separation of the precinitates being scaled to the 1
finer ce!l size of the RSP material. Then, the presence of the large (3 1000 i '
precipitates in the RSP powder material indicate the prior existence of asolute
enriched interceilular fluid, richer at least in the species that eventually
cemprise the precipitates. The higher the degree of enrichment of the inter-
.cellular fluid, the greater should be the volume of precipitates that forr from
:that fliid.
T In less-than-rapid solidification of an alloy, the degree of enrichrant of
- .the interceliula™ fluid is nearly constant over wide ranges of solidificaticn
© irate; the cell snacing merely decreases as solidification rate increases. At
frapid sclidification rates, however, solute trapping at the advancing solid-
1iquid interface may occur. Note then the number density of precipitates
Ipresent at the cell walls in the dendritic (or reqular cellular) structure of
,F1g 7 and compare it with that of the non-regular cellular structure of Fig. 2.
It appears that there is a noticeably higher number of precipitates at the cell.
" wall of the dendritic structure. WNote also that the non-reqular cell structure
- ]has a significant number of small (100 A to 500 R) intraceliular precipitatzs
,whereas the dendritic structure has none. This effect can be explained by sume
'degrep uf solute trapping in the early stages of cellular growth (central portion
jof cell) with perhaps a lesser degree of solute trapping or none at all in the
iJater stages of ccll growth. This would result in a less enriched interceliular
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'flu1d frum uh\ch fOWLP ]arqc (. 1000 n) precipitates would form. .It.would 4lso

Teave a supersaturated solid solution in the intracellular reqgion from whicin the

sall (100 to 500 A) precipitates would form on cooling. Within this intcrore-

tation, it scems that Fig. 5 is a more extreme casc of the solute trapping. Tho
number density of intércellular precipitates is low while the number density ot

~small intracellular precipitates is nigh.

The origins of the cellular structures can he considered in light of these
obrervations on the precisitate ruveiniciies, It is npossible to describe 2
pracess scenario that allows for developoent of each of the solidification
structures observed. With the high ccoling rates in the convective cooling of

_the liquid metal droplets, large supercoolings can obtain prior to nucleation,

If this dearee of supercooling is sufficient to enter a renine where copious
nucleation ensues (cither heterocenecus or nemogoneous), Lhen many independent

~grains should develop. Based sirply on spaetial constraints, a regular cellular

cventionally processed matesial demorctratas that this qgrain boundary is froe ¢f

structure would likely not develop if the grain size is on the order of, or cven
significantly larger than, the ccll size. In addition, at the large suporconlin-..
growth of the crystal would be ragid and the tendency should be toward asphceics)
front or stunted cellular growth. Also, in Ih1s regime of large supercooling
of the liquid, solute trapping can be expected.”

The observation of smail grained. non- xegular cell structures is comuat1ble
with the above description. The observations on Lae precipitate morpholcgies
that indicate possible solute trapping and subsequant solid state precipitation
from a supersaturated solution supports the supposition of large supercoolings
of the liquid. In addition, the chemical profiles in the non-regular cell
structures indicate nil semegation (except that associated with the precipi-
tates). Note also that, within this scenario, a reaular callular structure
(which has been observed) is merely a less likely possibility. The presence of
the non-cellular structure appears to be associated with the smaller size (%

30 microns) -powder particles. This can be interpreted as indicating that higher
cooling rates are needed to obtain this structure but, in addition, smaller
liquid droplets can be expected to achieve larger supercoolings, on the average,
prior to nucleation (if heterogenecus nucleation is limiting supercooling) anc
to have fewer nuclei. Thus, if a large siunercooling is achieved and is maintainsc
during recalescence by the high cooiing rate, then it is conceivabie that a
spherical front growth with segrega“cn1ess solidification has resulted. This
would resuit in a supersaturated soii¢ solution from which the small (100 to

500 A) precipitates would be expected to fomn. Fields of these precipitates
have been observed in TEM, but no definitive work has been done. The particle
of Fig. 3 was one such field where therc were only small precipitates present

in a non-cellular grain-boundary-less field of view.

It appears that the RSP pouder matwrial is localiy very homogeneous. The
consolidaticn process would tend to rac any secregaticn present by d2forma-
tion of the siructure. The RSP conscl: ad matarial. then, should be Tecally
homogeneous. This has been demonstrat<.. 'n the chenmical profile near the grain
boundary region in the consonlidated r2zerial., Due to the nature of the powder
processing ol tiis study, it is oxpecizd that Lhe DRSP cernsolidated raterial ds
also chomicully homogenccus on a muecrascaie.  Tnis hae not doen c'acluszvulc
cemonstrated. The chewical informaticn acvosc the grain boundary in the con-

~

any significant segregation. Althousgh this cerposition profile extended &

~microns across tihe material it should be noted that any seqgrecation assoriated
“with the solidification of the conventionally processed material would probavs -
be present on a larger scale than thai baing chserved here.  For instance, if
“the average spacing between the larae cigar-shaned procipitates is token as a

measure of the distance over which cenavatier can be exoecied, then it is
necessary to look over distances ¢n the oreer of 50 microns, a job beiter suited
to the electrun micrnprobe . Invastiaztion of tha Tonag ranae howmoyencity of ine

RSP censolidated material could also Lo parseuod in this way,

The grain crocth resistancy of the 3008 e tainl relative to that of tic

i conventionn ‘rocessod material annoars to e oassociated wilh the hiaghiy
; 1 Tiy s ot 1 to e associated with the highi

unifors dispersion o1 oo dd (10D to DoAY e cipidet s dn the RSP e 4

hindar boundary molron and honce padn comoning. lote that no oswall oo oL L
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iprecipitates have been observed in the conventionally processed watercial ond

’ ;this material exhibits acceierated grain gqrowth relative to the iGP material.

ilt is also possible that the chemical homogeneity of the RSP material plavs a
" ‘role in the retarded arain growth behavior obLerved.

’ : The obuervations on the hich-phosphorus stainless steel have provided a

' ‘perspective with which to view both the structural characleristics of the 503
‘stainless steel and the experivrented appreoach of this study. The hichly reqular

- ‘cellular structure of the high phosphorus stainless stenl RSP powder stand, in
marked contrast to the non-reaular cell structurve of thee 505 stainle:s stead
RSP powder and iliustrates well the variabilily of obtainabie structures in RsP,
‘The second phase morpholcgy of the high-phosphorus stainless steel sujaoste a
“dependence of the precinitate morpnolouy on the relative sui-face envraics of
precipitiate and matrix and that @ hichor valua for this parasater exists in e
303 stainiess steel corarcd srith the high-phes;horus stainless stecl. Note 00
rapid decrease of the uncsohiorus sianal (and, indeed. the nickel and chronius
signals) within 503 A of the c21Y wall. The informaticn =nd rezoluiion in tids
and other similar profiles dJeronsirates not so wuch the rvesolving poeer of the
Sinstrument but its applicability to observation of the {ine-scale chemicel
‘variations encountered in material structures such as these rapidly solidified
-metal alloys.

: CONCLUSIONS

Rapid solidification processing of a high-sulphur austenitic type 303
‘stainless steel produces a significant refinement in the microstructure and
microchemistry of the material. Hot extrusion of the RSP powder retazins the
beneficial microchemical effects of RSP while refining the grain structure
through deformation. Dedicated scanning transmission election microscepy is an
effective experimental approach to detailed anclysis of the microstructural and |
microchemical nature of rapidly solidified metal alloys. : 3
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